The present report is concerned with the reflex sensitivity to visual stimulation of the blind half of the retinal field in a case of hemianopsia after surgical resection of the left occipital lobe.t The
pupillary reflex to light remains after destruction of the cortical visual projection areas in man, but the visual reflex status is otherwise unknown. The index of reflex activity which we used was the eyelid reflex to a sudden light.
If the eyelid reflex to light depends primarily on subcortical connections, it should be preserved when the cortical projection areas are removed.
Method
The method used will detect the presence of an eyelid reflex even though it be subliminal for actual lid movement. It may be called the reinforcement-inhibition method. This technic has been applied for the detection of weak reflexes by Wendt" in a study of the knee-jerk, and by Hilgard'6 in a study of the eyelid reflex. The latter has shown that the presence of a minimal or subliminal lid reflex to light may be detected by the alteration of the lid reflex to sound when the light precedes the sound by certain intervals. When the light precedes the sound by intervals between. 0 and 50 a-, the reflex to sound is increased in amplitude through summation with the response to light; when the light precedes by longer intervals, the reflex to sound is reduced in amplitude. With the information available from these earlier studies, it was possible to determine in advance intervals favoring reinforcement and inhibition, and to proceed accordingly to study the presence of any slight tendency to wink to the presentation of a light in the blind field and in the seeing field of this patient. The seeing field served as a control for the blind field, and all results are given as comparisons between the two.
Apparatus and Procedure
The apparatus is diagrammatically presented in Figure 1 . Eyelid motion was recorded photographically by the shadow method of Dodge, utilizing his pendulum-photochronograph. An artificial eyelash of paper attached to the left eyelid produced a shadow across the lens through which the photographs were taken. The sound stimulus was produced by a wire hammer, magnetically controlled, striking a wooden resonator when released. The visual stimulus consisted of the sudden illumination, just prior to the sound, of a white blotting-paper diffusing surface. The pendulum-photochronograph at the same time controlled the interval between the stimuli and carried the sensitive paper on which the recording lines fell. It will be noted that on the second day (the values marked by an asterisk) illumination values were much higher than on the first and last days. Whereas on the first and last days the stimulating surface was a uniformly illuminated diffusing surface, on the second day mirrors were substituted so that the direct light from the bulb reached the patient's position. This was then stopped down by interposing several thicknesses of lens paper just before the light. The effect of this was to give a lighted area of 10 by 4 degrees as before, but having a very bright core of somewhat more than 1000 apparent foot-candles.
The experimental procedure consisted first in placing the patient's head in position. With the right eye covered so as to exclude all light, and the paper lash attached to the left upper lid, the patient sat with the forehead in a rest, and a biting-board between the teeth, so that a constant position could be maintained. Frequent rests were given, and the patient reported no discomfort. Breathing prior to each stimulus was controlled by command, and the patient held her breath and looked steadily at the fixation cross as the stimuli were presented. After preliminary records to acquaint the patient with the stimuli and to overcome excitement in the situation, four types of record were secured: (1 ) The reproduced records ( Figure 2 ) show the responses obtained under these conditions when the light was presented in the left (seeing) field. While there was never a reflex lid movement to light alone, even when the light was presented to the normal part of the field, evidence of a tendency to wink to the light is shown by the reinforcement of the reflex to sound when the light preceded by 45 cr, and by its partial inhibition when the light preceded by 120 o-. Because the patient's reflex to sound was of such small amplitude, the reinforcement interval proved more satisfactory than the inhibitory, and after the first session, only the interval of reinforcement was used.
Results
The problem was specifically to find whether reinforcement or inhibition of the reflex to sound would occur when the light was presented in the blind field. Session 1. February 15, 1932, 13 days after operation. Brightness of 4.8 apparent foot-candles in the blind field. Table 2 presents the results for the inhibitory interval. It can be seen that the light effectively reduced the reflex to sound when the light was presented in the left (seeing) field. When it was presented in the right (blind) field, the reflex to sound was unaltered. A normal control subject was used to determine whether the results obtained might depend on the lack of sensitivity to stimuli appearing in the nasal as opposed to the temporal field. This control subject showed approximately equal inhibition and reinforcement of the reflex to sound whether the light was presented in the nasal or temporal field. Session 2. February 23, 1932, 21 days after operation. Brightness of 1000+ apparent foot-candles in the blind field.
Since the results of the first session showed little reflex sensitivity to light, it was decided to use much brighter lights. When presented with the light of over 1000 apparent foot-candles in the blind field the patient reported its presence. Asked to point out its location, she indicated a region estimated to be 3 to 5 degrees to the right of the fixation point. The experiment was continued under these conditions, with the result shown in table 4. It can be seen from the table that under these conditions, when the light was seen in both fields, it was reacted to equally, or approximately so. (The light in the blind field was actually somewhat brighter than that in the seeing field.) After the second session it was possible to retest the patient at a low illumination value to determine whether any "recovery" of the light reflex had occurred. Table S presents the findings for reinforcement. It is clear that the reflex to sound was augmented by a light in the seeing field, but a light in the blind field produced no effect. The small variation in the average values of the reflexes when a light preceded in the blind field, is within the limit of chance variation. 
Discussion
We have presented these results primarily for their methodological interest. The reinforcement-inhibition method appears to us to be a far more sensitive indicator of reflex connections than are the methods in common use.
Both because of the lack of a suitable distribution of light intensities, and because of having results on but one patient, our data do not appear to us to justify final conclusions about the neurological nature of the lid reflex to light. However, the results favor the view that it is of cortical origin. This conclusion depends upon the previous work of Wendt24 Both the reflex to light and the blink to threat have been reported as lost in lesions of the visual projection areas. Poppelreuter20 and Bard4 mention the loss of the blink to threat in the blind field in hemianopsia, and Chauffard7 in cases of complete cortical blindness. Bard4 described its absence in cases of hemiplegia of cerebral origin, while the well-known paper of Holmes'7 reports its absence in bilateral lesions in the region of the angular gyrus. No reports of careful tests of the blink to light have come to our attention, though the papers of Berger' and of Anton2 report its absence in cases of complete cortical blindness when a candle was held before the patients. It seems reasonable to assume that this lack of such reports indicates failure to observe the response in question.
Light vision in hemianopic areas.
Our patient could see a light of 1000+ apparent foot-candles when this appeared in her "blind" field. This raises the question whether this was an experimental error or was due to residual vision in the hemianopic area.
Poppelreuter20' 21, after detailed examinations of 50 cases of war injuries of the occipital region, made the statement that no scotomatous region which he had ever examined had been found to be absolutely blind. In view of the extent of his observations and the variety of methods used, this statement must be considered with respect. Bard', with ingenious methods, but poor case material, also came to the conclusion that there was residual vision in hemianopic areas. If, in the discussion of this question we assume that the anatomical picture is clear, the first problem which presents itself is that of diffusion and reflection of light to seeing areas of the retina from stimuli intended to be limited to blind areas. Our patient could report the presence of a light of approximately 1000 apparent foot-candles when this appeared with its center 22 degrees from the fixation point. But she reported it as appearing 3 to 5 degrees from 381 the fixation point, which leads immediately to the suspicion that seeing areas were being stimulated in the region of the macula. This report of displacement of lights toward the fovea could not be elicited regularly, however, for during an examination for pupillary responses by somewhat brighter lights controlled by a lens and diaphragm, she insisted that there was no difference in their lateral remoteness from the fixation point.* Experiments on stimulation of the blind-spot.
In the course of a recent controversy over the question of the possible presence of light sensitivity in the optic disc, two papers have reported measurements which may be of peculiar usefulness to the problem of diffusion in work with scotomas. Scofield23 and DeSilva and Weber8 have measured the intensity of light which must fall in the center of the blind-spot in order to get a visual sensation. Using light sources subtending a fraction of one degree of retinal arc, they determined such intensity limens for a number of subjects. We have converted their measurements over to the measure used in this investigation, and find that Scofield's median subject had a limen of 35 apparent foot-candles, while DeSilva and Weber's median subject had a limen of 38 apparent foot-candles. The range of their eleven subjects was from 26 to 95 apparent foot-candles. If we know that a light below such intensities will not diffuse enough to elicit visual sensation for more than the distance from the center to the edge of the blind-spot, we can work with better knowledge of our sources of error. Our own illumination values fall far below this limen in two cases, and so far above it in the other case as to make it probable that diffusion affected the results with the stimulus of 1000 apparent foot-candles.
The sources from which stray light might affect seeing areas are many. External diffusion of light to objects in the field of view was fairly well eliminated by our technic. Reflections from the side of the nose and the cheek were not present for stimuli appearing * Nor, if we press the matter further, does the near-foveal localization of the sensation assure us that diffused light was stimulating retinal elements at this point. The possible false localization or even transposition of stimuli falling in the blind area must be considered (see Herrmann & P&tzl14). We also suggest that the role of immediate visual induction, or what Allen' has called "reflex visual sensation", from blind to seeing areas be explored. Related work on this is contained in Parsons'9, Geldard", Granitl8, and Feigenbaum9.
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REFLEX SENSITIVITY TO LIGHT in the blind field because of the choice of arrangement of the stimuli (see diagram). Reflection from the eyebrows, eyelashes and edges of the eyelids may have been present. Stray light originating internally of the eye could be due to astigmatic diffusion images from variations of the refracting media, to intra-ocular scatter and diffusion from the illumination of semi-opaque particles in the eye, reflections from the laminated structure of the crystalline lens, intraocular reflections from the surfaces of the cornea and the lens (from which 7 images have been identified), and diffusion and irradiation of light within the substance of the retina.2" It is significant that the blind-spot experiments quoted above seem to indicate that it is diffusion about the borders of a retinal image which is most important, and that visible distant reflections do not appear at the intensities with which they worked.
The use of the blind-spot as a control.
This blind-spot experiment might be carried directly over to work with scotomas. In a hemianopic patient, who has no difficulty with fixation, it should be possible to determine the brightest light which will not be perceived in that blind-spot which is in his seeing field. This light can then be used for exploration of his blind field with the assurance that diffusion will be limited to an area smaller than his blind-spot.
The problem of fixation.
A final difficulty with the data might arise if the patient did not maintain fixation on the anatomical fovea. We had no indication during these experiments that such difficulty existed. The work of Couch and Fox on the same patient showed her to have good fixational control. Nor should the work of Fuchs (in Gelb and Goldstein10) dealing with the development in hemianopsia of what he calls a "pseudofovea" be construed to mean that the spontaneous perceptual reorganization of the visual field which gives rise to it, precludes the maintenance of a fixation on the anatomical fovea.
Summary
The lid reflex to light was studied in a patient with right homonymous hemianopsia after surgical resection of the left occipital lobe. Lights of 4.8 and 1.0 apparent foot-candles presented in the 383
